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(54) SIUCON SINGLE CRYSTAL WAFER WITH LOW CONTENT OF CRYSTAL DEFECT AND ITS PRODUCTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To produce a silicon single crystal wafer having a 
wide control width and an ultralow defect density over the whole surface of the 
crystal in the absence of both a V-rich region and an I-rich region under readily 
controllable production conditions by specifying the pulling up conditions of the 
crystal when growing the silicon single crystal according to a Czochralski (CZ) 
process. 

SOLUTION: A crystal is pulled up in a region surrounded by a border line 
between a V-rich region and an N-region and a border line between the N- 
region and an I-rich region in a defect distribution chart indicating the defect 
distribution for the distance D (mm) from the crystal center to the periphery of 
the crystal as the abscissa axis versus a value of F/G (mm2/° C.min) as the 
ordinate axis when the pulling up speed is F (mm/min) and the average value of 
the gradient of the temperature in the crystal in the pulling up axis direction in a 
region of temperatures from the melting point of the silicon to 1,400° C is 
expressed as G (° C/mm). The value of F/G is preferably regulated to 0.1 12- 
0.142 mm2/° C.min at the crystal center to pull up the crystal. 
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y>e*Ktci&£-r£OSF ';>^#>suiosF y 

©&#??&.U FPDKtfL/D#-j7X-/v£H 

a^24ppma*iS-C*0 1 BSR&fmSBUfflJltc J: d O 
s f y >^©?g£if w<?set o s F&ffiffcaaffl* 

UfcBCIJOSF y >^5J^i*-r. F P D&tf 

l / d *s x- /N^Mrt cc i?a L/ & t,> c t £• mm. 1 1 £ 

ttafclWrt-SHKe. 3Lttfjia£F [mm/min] 
£ U V 'J =i 6 1 4 0 0 "C©Pi3©3 I±lf|ftv5 
!»!©*§ Aft fiK5j|3©¥*3ffi*G [-C/mm] -CSILfc: 
B#, ttA^'D^6ttAJHaS-COKlKD [mm] «tttt 
tl. F/G [mm 1 /*C ■ m i n ] ©ffi^iiiLt 
^RS^Sr^L/fc^PS^fljiatCte^T. V- y ? 
iN-«WOJ*W»ftJ50tKN-|W«4 I - V * 

[§1*314] fri3F/G©ffi£*§A I t 1 «l>-C. 0. 1 1 
2--0. 1 42mm'/'C • mi n £ b"Oi§A£3l-Bf 

zctzwmttz. i»*«3(cie»SLfcvy=i>#*s 

A?x-/><D§Sj£;fr?£ 0 

[If 3^ 5 ] miEM&tpO 1 0 5 0 °C*> 6 8 5 0 °C* 
■C©filS^(=&M3a-r^B$K7!)4 1 4 0^felTi^-2 > J:^fC 

Ktt L fci- y rj >*feA^ x- /-v©SSi£:£)£ . 
[»?8©3«KcBHin 
[0001] 

[0002] 

[«£*©»»] jfi^t*. ^#0SS©iS*fflaicf*^^ 
^fiWBfbKflsn, ^©St&ifr-E.^a^Jt'X*-)* 

D, LSTD, COP?Oi/o->^>(Grown-. 

i n) XffitmmzmtmmKft& j $>7 : 'Uxoyw& 

[0 0 03] cn6©^RI4ittBJ-r^(c^/coT, ft 

•r. ^ya^mtsaccixoiiSiTi-^-f^^^-r (v a 

cancy. JJTFV <LB§fB-f £ C £#*&) £P¥«ft& 
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(Interst i t i a 1 - S i ..filTI iBS12f -5 

c i * ) i -s tre-nag y n > *^fis©-e n 

[0 0 04] ->'j3>*ig(cfeW, V V 
a c a n c y. n >HT©^JEJ&>6&£-r -5 

cusp. ?=v:©j;^^fe©^^«JSir*o > issnsiw. 

•*>&$K«c -> 'J =i >M J F-©**^t j^©c it*D> 
10 LtVStltliioPKCB, M?OTO-fe*»#MRr» 
(4>&(,>) r.^.- (Neutral, JJTFN£B§ 

LT. buIB £fn — > -f >^RS ( F P D . LSTD. CO 
P3g) ii>5©tt, *<£-CfcV-£I#fiffiftfct«l&© 

fl#n:2S£.-f 3 &©-?$>»), ^©M^©fl0*5* o r 

[0 00 5] C©MiXPS©?SS«, CZ£K*iWS*§ 

ao5i±i/aa <j««jiflE) i^A^cDHiie^cBia^© 

20 SS^Gt©^^ fc&SD. ViHKi Hl^Si©* 
WSi2t<:«OSF (K{b^SJl^RS. Oxidat i 
on Indused Stacking Faul 

t) <tp?«nsy >^©^PS©i?«E^ssiS3tiTc» 
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[0006] cti6esBS*ieH©fcK4fl*-ra4. 

tftmmmtf 0 . 6 m m/m i n flu gUJLhi ttlSWKji© 
$nri,>4FPD, LSTD, copf©yn->^> 
30 sfi-rs^wv- y 9^«w&>KXtirir»« (H4 

(a) #58) . £tc. (SfiilSASO. 6mm/m i n 
£TF©li-6«. fi£SjI@[©<g;T(cm^ ±iEL^OSF 
•j > y*s^a©^2^ U . c© y > ^©^fijtcg 
^l/-7*SaHi#^6ti-Ct,^L/D (La r g e D 

islocation: •?•©!}§#. L S 

EPD, LFPDf) (DXffi&m$gg.lCW&b. Cti^> 

(04 (b) „ fiSSiSS^O. 4mm/ 

m i nflufgiig^C-r-Si. O S F y Is iflfi?} 3-—>\G) 

40 ttJ^fcg^ u-r mm l . ±w& 

(14 (c) ) „ 

[0007] *?c, sav- y i — y ■» ^« 

*a©cf ra-co s f y > formic . n i ufans , 

^JLSiH© FPD, LSTD, COPfc, KtiJU-^"® 
H©LS EPD. LFPD4>fffeL%t^«©ffSE*^ 
jl.3n-tt,>3 (^P3^8-330 3 1 6-^#fiS) „ c© 
«M»0 S F y > yo^HWtc* 0 . * L-C. S^WtH^ 
^ffl?:JgL, X-rayS!SfTlrffi©3>l-7Xh«; 
WBUftiW^K. BBR#fW*ai^tt<. LS 
50 EPD, LFPDJWJJJiKSnSBi'y y^T?«ttt,> I - 
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'J "jr&W.M-C&ZtW.SLX^Z (S3 (a) # 

p.). -e-or, fie3fc©cz5i±if«-c«^i-^<os- 

SLLtfiSflteHttOT. F/Gffi 
±tfi£K£F [mm/mi n] il/, y 3 >©Bfc£i;&> 
t> 1 3 0 0'C©F^©?l±iftt^[S)CD^ B ^rtfift^ie©¥ 
i^filSrG [Vmm] i"r^i^. F/Gtm>;*ft S 
tb) £0. 20-0. 2 2mm' /•C'minilT') 

(H3 (b) #JR) . 
[0 0 0 8] 

i. CtD^«*J I - y 7 ^^i|SI|iI©N«J|S©^CCKgS$ 

tbtcT-di-P, r-ZZ&tcLtcfElgiLtcimftllffl 20 
(0 1 MR) i tfcttHKStt* c L-fc. 
[0009] $^B. c ©J: 5 %Ntt&tctt*tt£ ft 

v- y 7 cf i - y 7 ^awoortifciWEt/ 

[0 0 10] 

fiSr4/cJ6K3fe3nft:4>©-C. #IM>i©s*#JB 1 KJBfg 30 
L/c^«, C ZiS &c J: K> fSStifc^ y n ismten,? 
xw\tcfc<,vC. &&(bS&Ji£ Lfcfigtc y > *W*C|6* 
-fSOSF U>^5WiOSF y>^©&#??£EU 
*>-5, FPD&tfL/D#?x--^£Ml*3«C#&bfct> 

[oo 1 1 ] f ut, c©«*:5ft->y s^jjugs^x- 

-"©•SMfffii LT (J. *^©it#S3 CCEtt L//c J: 

sec. 5=- 3 ^^jux^-jStct^r^yn^^Hi^w 

fiK-T-S^tC, 31±tfiIg£F [mm/mi n] iU ~> 

y n 6i4oo -c©ra©? i±if #;ftiai©*£ii 40 

rtiSS^iew^ffl^G [-C/mm] -cSlC/dfiK ten 
"f'll^6teS^2*-C©KlStD [mm]5rS#iL. F 
/G [mm 1 /*C • m i n ] ©«l£$Si&<b bT^PS^fiJ 

*©*»HS&6t«CN-«tt£ I - 'J ^ffittDSMB 
"CH*S *ifc«i*«i-ClSft*5 l±Cf S C i ^r^gi t? 
S, ->y 3>^jf*^ H ^x-/N©|g^sE-C$.-5. 
[ 0 0 1 2 ] C©i 5 (c, UK • ISl©|gI^l/t 
1 ©^PS^Tftia^SK, V - y 7 5^H&£N - 
AlttcDtllMiQc €>t«c N - ««i I - y 9 ^IHJaoWW so 



1 1 - 1 4 7 7 8 6 

4 

ifST HilsS S ftfcfitWJ COR $ £ J; 5 K . *S,P B ©5 I ±.im 
gF y 3>©gi*>6 1 4 0 0*C©H©?l±lff4^ 

fa©&Srtfig£)i2©¥fcjfiiG zmw Lrisft*g i±tf 
n«. BuiHii*^nc§BtgL/c. mmtmm*LidfSttc 

'J>^ttK^tiOSF y>y*4t,>»osF y>^ 

©&**??& U FPDML/DA^i-^f 
rt&c?ME b &t>*> y n >¥&A9 x-^*fl= «r C t 

[0013]$ 6tC. JW^ffjtCtt. UiaF/G©te3r 
ISa^T. 0. 112 — 0. 142mm 1 /'C-mi 
niLTfgll^LiitfSCitbfc (|f*]B4) . 

[0014] C©J: F/G©ffi*ig B l*M>-e > 
0. 112-0. 1 4 2mm 1 /'C ■ m i nlcfflS-tZ 

citct^r. sncmensie-tc. jsasMbassisiK: 

OS F 'J >^£#6£U#£Sf$£^/£i£ 

o s f y > ?pm<DN$mz&ttmtt z> x. *> ic 

[ 0 0 1 5 ] CO J: *) CC. *%HJ©li^3 

SE^x-^SrSfeKitjfflffiifebfcBRtc. y> 
^KCCOSFy>^(J^L.. abS^iOSFy^^© 
*£tti8&l/-CV£# > FPDRO'L/D (LSEPD, 
LFPD) B, ^X-^ffirtOC^D&tJic^^X 
— />"C. 12 (b) K^L/ci^CC. l^fcl^S^x-^ 

^®^cv - y 7 ?mm± i — y 7 * 

& N Hi$©*£ L J*»BJ© ^y=^>•^7X^/^tC« > OS 

f y >^©^ti^?tLT*jo. tt-jx-^^jiwwhsaa 
u/c^tc » y > o s F o s f y > ^ 

F y >^fiiJ©NM«<i:0 s f y >^rt«©N««*« 
[0 0 1 6 ] -5-l/r. *!6^©^SeS2Ccse48L/fc^B« 

«. czftfctywjs^nfc^y n>#*sa^x-^tc 

is^X. ■?x-/>^ffi©KsRf«S* 1 2 4 p p m a (AS 
TM' 7 9 fit) *j®T-S> 0 . KJfttfTfcB&teHK: J; DOS 

f y > wm&mm&t a*i. osf mwamm* v 

fcKSKttOSF y>^««*-B-r. FPDRCXL 
/ D ^ -5 x - ^ ^feffi tc S £E L/ tc !,» C £ * W tt i f S 3/ 

3>#*§ B %^x-^©i!?ji^iS£br«. 

31 5 L fc <t ^ K, fg *S 3 * Bff*31 4 (CBtt 

L/fc^^afcmr. BtriafS^tiJ© i o 5 o-ca>6 8 

5 0 •C$X'<DU&m$:MM?*>mr$& 1 4 0^«T£^c 
[0017] C©<t 5 tc. JtiUWtt*<Dfl0MIKt2 4 
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ppma«W k &£l>ttl£g)|gg*<Dl 0 5 0 °C 

^68 5 0 9 c£~c<Dumm%:mm-fz>mmz 1 4 o#iy 

Ti^c^J:^^MM*SlJt8I-rn«, OSF&©J&g£ 
tfL/D (LSEPD, LFPD) & ^x-/>:£ffi|*jtc 

ff&i/^c^c^, ^fr^&^x-^M^v- y 
«w» 1 -y **a«-rj:5ttosFu> 

F/G(DWfcjAC^JSPffiffl£rSCi*ioJftBr* 
[0018] fcTF. *mmc^$&Mlcl&W?2>1)K * 

»HBcfte>mS3ft*fc©^Bfc<r>. «Kcc5tfi:fe 

1) FPD (Fl ow Pattern Defec 
t) 4B. fi8fiSk©S/yr2>*feft»3&»6«5*-/>*W 

^ItffiDKl^cl, K, Cr, 0 7 £&ffi47jcG>«^ 
&-Cg|®£x^>^ (S e c c ox^^>^) "TSC 

«£«ffc«WBEO^fi3W»«.S («H¥4 - 1 9 2 3 4 

[0 0 1 9] 2) SEPD (S e c c o Etch P 
it Defect) F P D £ [1J — <D S e c c o 

Khitttflow pat 
tern) ^#H^FPDiW, 8fc*i««*{**> 
frC>&cD£SEPD4n*-& 0 CCD^"C 1 0 u mfeJ_h©:*: 
tl^SEPD (LSEPD) tt«ffi*^**--ecigH-r 

[0020] 3) LSTD (Laser Scatte 
ring Tomography Defect) <fc 
B, O^0>3/y3>4MftMI»69x^««)Dtt| 

(J. J. A. P. Vo 1. 32. P3679, 1 9 
9 3 #11) . *©DIFBS-Ctt % AB#©#-f F 

(TO -CftSil^SSfeffiSStiTC^o 
[0021] 4) COP (Crystal Or igi 
nated Particle) £B\ ^x — ^>CD4 3 ^ 
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^WtKWEE%*ibStf 4JRHitt*^PBT. Sec 
coX7«BFPD«ctc**S#, SC-18fe»(N 
H 4 OH : H 2 0 2 : H 2 0= 1 : 1 : 1 0 ©ffi^jRtt: 
<fc£tt») TB»Cx 9 ^>^«£LT«» t COP(C 
COtT 9 hOftSttl /i m«TT^IfcSLi£-CP-< 

So 

[0 02 2] 5 ) L/D (Large Disloca 
t i on : tt^-|BKtt^-^©18#> KB* LSEP 

10 -S^ffiT**. LSEPDB, ±!BL/cJ:5CCSEPD 
(Dtp-Cfe 1 0 mn«±©*#C>4©*^5. LF 

1 0 tfmia±0>fc&t>6<D£<r>t>> C*6t>RfiW/-^ 

[0 0 2 3 ] #169!* 6 B, 5ttC«FB5l^9 - 1 9 9 4 1 
5#T«*Lft:J:5K:. C ZtttCfci^y n 

iSUciC^, C<D»»ifiiaOffi<SfeC*»«CcFP 
D, LSTD, COP(DTOl<^<, LSEPD 

fc. 

[0 0 24] -ec-C, C©^a- h^M^^Sx- 
S4»«U fifcS (9l±tf> aR4»It«Ji3<DM»<D* 

"c, jsio-jx-^irttB, 5i±waurB«K— jer 
BamawB-e**. ogo. •)x-^fflftr l «i*ifiico 

30 c 4 *Htti U ttft**»oaK«B2G c 4 fsnsagp 
^<D^®^JieGe4C[>ll«:AG= (Ge-Gc) ^ 5 TJ 

[0 0 2 5] *«BB"C«, ±ffiO<fc 5 fcSK^SBcDMA 

Gj&s/h st^czfficcj: sew i±tf Sk&zi&m u 3 Lt 

*> tt»a*»fc. v - y 9 *««4 1 - y •> ^wtton 
tcaqsrsN««». se*B0SFy>y («> onpj 

40 <D#4#£6*iTC>/crt^ OSF l J>y©WKcfe, N 
««3WfS1"5Ctt«BLfc (02 (a) #HS) . T 
±BS«¥9-1 9 94 1 5f©»A 1 OSF 

^tc (0 3 (a) #JR) sW % C^rotiMlfc-Sl 
^Ci^^-^/Cc C<DC4BSe*OAGCD^#C»J|S 
aSI±W««-CSWL/Wi^«:B«SStir. ^@±f2 
©AGO/h3C*fSa3l±W*W*«SLfc*Sfl*i(iau 

[0 0 2 6] c<DH36R:teW&5l±tf*8K©jPrtaK.- 
50 ^ ^£WV7hFEMAG(F. Dupre 
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t, P. N i codeine, Y. Ryckmans, 
P. Wouters, and M. J. Croche 
t, Int. J . Heat MassTransfe 
r, 33, 1849 (1990)) *«ffl LT|£l$S#r 
£ffofc. *<Dl*», 3l±tfi*ft«:F [mm/min] 
<fcU $/«Ja>©B^*6 1 4 0 OTJ©B©3l±tf*to5' 
r^©tS»rtiBft«JIB<3!>T^«*G [Vmm] tgl/c 
B#, F/G<0tt**Sfi*^T. 0. 112-0. 142 
mm 2 /'C-mi n©«Hft&a4J:5fc5LLtfiB£F 
i»K«E^fflG4*fW»Tfttf. OSFMBMtttUl 10 

*ufcisoc y > y««:»£-rs o sFy>y*4i«o 

SF g >y©«*J»a-rS*>cr>©, FPDWL/D^ 

[0027] Hitt, ias6>r>^c7)^u^>*^^ 

F/G«4«»iUfc»^©»^IB^«r«L/"Cl»*. 
Hl*6!H63ft>aj:5CC, V- y **»«/N«i«(D8l 
eS^fcffiSi *W6»5 OmmS-COfiffli 
©BTC&iO. 1 4 2mm 2 /*C • m i nJ&>€>«*>J&>CC± 20 
•*U CO^*6J1-JSCC*W-Ct*aL«CCF/G«*» 

125mm 1 /*C - mint, J*S>fJSK:a>WTttV- 
y v ^««/N«iBO«IMRiJiaWf LtMicF/ 
G«*it*Lfcl«±«:**- .S65CN««/I -y?f 
61 Jgc i . @* tfrfrftS £ P)Jfi7 0mm^ 
XCD&mtCDmxO. 1 1 2 mm 2 /'C - m i ni4 

*©«. &gkftmcfa^xm.mcmi=>iLA,^z 0 

^ot, OSF y>y*at^©£x~^|*i©NSi«* 

ft*:fficc*ufla-r4«:tt. *s*4M>fiurco. ii2- 30 

0. 1 4 2mm 2 / 6 C • m i n J:5*cm«J: 

[0028] cn^^x-^cDSTSiwrsi, se* 

tt, 193 (a) Cc^L/c^OCC, iIS<Z>3l±tfiIg<!:*g 

*3 i±if ttn«c*w s o s f y > yoJWBfcsa-r s n 

«W*ttB±BK!fcK-J-'<< (S3 (b) #flg) , mi} 
W«l±tfK«**C»T9l±Witlt4AG*iW»l/, 

[0 02 9] ^ISflBTtt, O S F y > y©J>HM©N«« 
*»*KHJgtM\ 4i«IL/cOSF »J>^«fc 
&&r&NflM (02 (a) ife«MltN*« 
**XRSE^rr*CiCcUfc. 02 (b) 

TnL/Cct 5 &CO S F y >y*^U££ * N««***E 
•5x-/\^BB«:ltA:'r*c4#-C**gi±waa[iAG 

lEU/cJ: 5 fc F /Gtf <D©BrtCCiK$ £ <fc 5 tc? |±tfi$ 
S ftfcfNttltS* & ^SS^ffTt'ga fcffiKKo 9 so 
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[0030] — j(f, o s f y >^ccoc»rtt % sjsow 

^6^xw>^ffirt-cfilBRt8«©*i^«:tt % OSF 

y > y<b&wm ux bt&mittemtc .coospy^y 

*»*r*Citttt<. fWXKfl»***.fc<r>£l,> 

-©»*3l±tf«B*«Bbr. MKMOIHRiiKu^ 
>U©***5l±fcffctt* *xwv£ffirt<DB£gl^# 
2 4 p p m a*}M-C*>*ltf* -5 *-"<DmmWM>S:tf 

o /cb#^c o s f y > y b a i» c t jpihb 

[0 03 1 ]T&*)%, H5tt. — #©1***3 litf* 
K:ffc<r*cH«iiK*TWT^o)ftlWc % IS*±ftK:to;fc 

oTOSF4a-s««apfiEr*^ ^x^^cwfcMfbja 

ffl*lf -3 /cB$tc OSF y >y*i«iS3n-S©«2 4p p 
maSrX\ 24 p pma*iar«OSF y>yS«?? 

frr&w. MtMfa5osFy>^mirc^ 

tt(r»C£*£L7:i>&. 

[0 0 3 2 ] flEfi*SS*©B««a* 2 4 p 

P m a &m &C T S *C « > $£*3&> 6 — © tCffl (, >*> ft T C > £ 

n^aft«ft«*HB LTiw©j^*»«rr 
[0 0 3 3] osf y>y««*b&<rfc, <■ 

«i>y*y y>yfc*#3ftttt,><D"c\ osfjwro 
B»«Ttaa>^a s «natc & 6 a 
[0034] 'X^x-o s f y > y^(DsSs*Pi#*rs^ 

<4W«W«EKkfc*>©> *»«R«mLT, OSF 
««{tjaffl«p«:OSF y>y*s»4r*J:5K:. 3IJbtf 

aK*«iWLTfsa*5i±w^is*. 1050-850 
°c©as^«* 1 4 o»arr»ir4iwtt4*fc 
tt*(c« k *<d«o s f y > y«*©w*ft*«s-r 4 0 
sF®m<t9mzffii,xbosF y>y»i«Bsntt* 

o/c ( I . Yamashita and Y. Shim 
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* NOTICES * 

iTPO and NCXPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal wafer characterized by for the nucleus of the OSF ring generated 
in the shape of a ring or an OSF ring existing in the silicon single crystal wafer raised by the 
Czochrlski method when thermal oxidation processing is carried out, and FPD and ratio of length to 
diameter not existing in the whole wafer surface. 

[Claim 2] It is the silicon single crystal wafer characterized by not generating an OSF ring and FPD 
and ratio of length to diameter not existing in the whole wafer surface when OSF thermal oxidation 
processing is carried out although the oxygen density of the whole wafer surface is less than 24 
ppmas and the potential nucleus of an OSF ring exists by oxygen precipitation heat treatment in the 
silicon single crystal wafer raised by the Czochrlski method. 

[Claim 3] In case a silicon single crystal is raised with the Czochrlski method, a pull-up rate is set to 
F [mm/min]. When the average of inclination is expressed with G [**/mm] from the melting point of 
silicon whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 
degrees C ], In the defective distribution map in which having set the axis of abscissa as the distance 
D from a crystal center to the crystal circumference [mm], and having shown defective distribution 
by setting an axis of ordinate as the value of F/G [mm2 / **, and min] The manufacture approach of 
the silicon single crystal wafer characterized by pulling up a crystal in the field surrounded by the 
boundary line of a V-rich field and N-field, and the boundary line of N-field and an I-rich field. 
[Claim 4] The manufacture approach of the silicon single crystal wafer indicated to claim 3 
characterized by pulling up a crystal for the value of said F/G as 0.1 12-0.1 42mm2/degree C and min 
in a crystal center. 

[Claim 5] The manufacture approach of the silicon single crystal wafer indicated to claim 3 or claim 
4 characterized by controlling so that the time amount which passes through the temperature region 
from 1050 degrees C to 850 degrees C under said crystal becomes 140 or less minutes. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a silicon single crystal wafer with few crystal 

defects, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal 
produced with the Czochrlski method (it is hereafter written as a CZ process) used as the substrate 
has been increasing with detailed-izing of the component accompanying high integration of a 
semiconductor circuit. The defect of a single crystal growth reason in which the oxide film proof- 
pressure property especially called grown-in (Grown-in) defects, such as FPD, LSTD, and COP, and 
the property of a device are worsened exists, and importance is attached to reduction of the 
consistency and size. 

[0003] In explaining these defects, it explains being known generally about the factor which 
determines each concentration of the point defect of the hole mold first called the Vacancy (it may 
outline Vacancy and Following V) incorporated by the silicon single crystal, and the mold silicon 
point defect between grids called Interstitial-Si (it may outline Interstitial-Si and Following I) 
incorporated. 

[0004] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a 
silicon atom, and a field with many things like a hole. With an I region It is the thing of a field with 
many lumps of the rearrangement and the excessive silicon atom which are generated when a silicon 
atom exists too much. Between V field and an I region The neutral (it may outline Neutral and 
Following N) field without lack of an atom or an excess (few) will exist. And with [ even if said 
grown-in defects (FPD, LSTD, COP, etc.) occur when V and I are in a condition / ****** / to the 
last, and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as 
a defect. 

[0005] The concentration of both this point defect is decided from the pull-up rate (growth rate) of 
the crystal in a CZ process, and relation with the temperature gradient G near [ under crystal ] the 
solid-liquid interface, and existence of the defect of the shape of a ring called OSF (an oxidation 
induction stacking fault, Oxidation Indused Stacking Fault) is checked in the boundary neighborhood 
of V field and an I region. 

[0006] A classification of the defect of these crystal growth reason calls the V-rich field the field 
where grown-in defects by which it is considered as the void reason to which hole type point defects 
gathered when a growth rate is a high speed comparatively, the above before and after 0.6 mm/min 
and, such as FPD, LSTD, and COP, exist in high density throughout the direction of the diameter of 
a crystal, and these defects exist (refer to drawing 4 (a)). Moreover, when a growth rate is 0.6 or less 
mm/min, the field where the above-mentioned OSF ring is generated from the circumference of a 
crystal with the fall of a growth rate, the defect of ratios of length to diameter (Large Dislocation: the 
cable address of the dislocation loop between grids, LSEPD, LFPD, etc.) considered to be 
dislocation loop reasons by the outside of this ring exists in a low consistency, and these defects exist 
is called the I-rich field (refer to drawing 4 (b)). Furthermore, if a growth rate is made into a low 
speed 0.4 mm/min order, an OSF ring will condense and disappear at the core of a wafer, and the 
whole surface will serve as an I-rich field ( drawing 4 (c)). 
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[0007] Moreover, the existence of the field where neither FPD of a hole reason, LSTD, COP nor 
LSEPD of a dislocation loop reason and LFPD exist called N field to the outside of an OSF ring is 
discovered in the middle of a V-rich field and an I-rich field recently (refer to JP,8-330316,A). It is 
reported that this field is the I-rich field side which is not so rich as there is almost no precipitation of 
oxygen by being in the outside of an OSF ring when oxygen precipitation heat treatment is 
performed and the contrast of a deposit is checked by X-ray observation etc., and LSEPD and LFPD 
are formed (refer to drawing 3 (a)). And improve the temperature distribution in furnace of a pull-up 
machine for N field which exists only in the pole of a wafer part in the conventional CZ pull-up 
machine, and a pull-up rate is adjusted. F/G value (when setting a crystal pulling rate to F [mm/min] 
and setting the average of inclination to G [**/mm] from the melting point of silicon whenever 
[ crystal internal temperature / of the pull-up shaft orientations between 1300 degrees C ]) If it 
controls to the whole wafer surface and a crystal overall length by setting to 0.20-0.22mm2 / **, and 
min the ratio expressed with F/G, it will be proposed that it is possible to extend N field all over a 
wafer (refer to drawing 3 (b)). 
[0008] 

[Problem(s) to be Solved by the Invention] However, if it is going to extend and manufacture such a 
super-low defective field into the whole crystal, since this field will be limited only to N field by the 
side of an I-rich field, if it is an experimental aircraft, it is [ with a production machine, / precision 
control is difficult and / a difficulty ] in productivity at any rate, and is not practical [ a control range 
is very narrow on manufacture conditions, and ]. Furthermore, it became clear that it differed from 
the created defective distribution map (refer to drawing 1 ) based on the data for which this invention 
persons experimented and investigated the defective distribution map currently indicated by this 
invention, and it asked, and data sharply. 

[0009] This invention was made in view of such a trouble, and its control width of face is wide, and 
it aims at obtaining the silicon single crystal wafer by the CZ process which is super-low defect 
density, maintaining the sex from Takao under the manufacture conditions which are easy to control 
by continuing all over the crystal with which neither a V-rich field nor an I-rich field exists. 
[0010] 

[Means for Solving the Problem] Invention which it was accomplished in order that this invention 
might attain said purpose, and was indicated to claim 1 of this invention is a silicon single crystal 
wafer characterized by for the nucleus of the OSF ring generated in the shape of a ring or an OSF 
ring existing when thermal oxidation processing is carried out, and FPD and ratio of length to 
diameter not existing in the whole wafer surface in the silicon single crystal wafer raised by the CZ 
process. 

[001 1] and as the manufacture approach of such a silicon single crystal wafer As indicated to claim 3 
of this invention, in case a silicon single crystal is raised with the Czochrlski method When a pull-up 
rate is set to F [mm/min] and the average of inclination is expressed with G [**/mm] from the 
melting point of silicon whenever [ crystal internal temperature / of the pull-up shaft orientations 
between 1400 degrees C ], In the defective distribution map in which having set the axis of abscissa 
as the distance D from a crystal center to the crystal circumference [mm], and having shown 
defective distribution by setting an axis of ordinate as the value of F/G [mm2 / **, and min] It is the 
manufacture approach of the silicon single crystal wafer characterized by pulling up a crystal in the 
field surrounded by the boundary line of a V-rich field and N-field, and the boundary line of N-field 
and an I-rich field. 

[0012] Thus, so that it may be settled in the field surrounded by the boundary line of a V-rich field 
and N-field, and the boundary line of N-field and an I-rich field based on the defective distribution 
map of d rawing 1 which analyzed and searched for the result of an experiment and investigation If 
the average G of inclination is controlled from the pull-up rate F of a crystal, and the melting point of 
silicon whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 
degrees C ] and a crystal is pulled up The silicon single crystal wafer with which the nucleus of the 
OSF ring generated in the shape of a ring or an OSF ring exists when thermal oxidation processing 
indicated to said claim 1 is carried out, and FPD and ratio of length to diameter do not exist in the 
whole wafer surface is producible. 

[0013] Furthermore, it is in a concrete target. We are a crystal center about the value of said F/G, and 
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decided to pull up a crystal as 0.1 12-0.1 42mm2 / **, and min (claim 4). 

[0014] Thus, although the field which may generate an OSF ring at the time of thermal oxidation 
processing has been included so that drawing 1 may see by controlling the value of F/G by the 
crystal center to 0.1 12-0.1 42mm2 / **, and min Since N field of OSF ring inside and outside is 
pulled up as the maximum expansion is carried out, a control range with inclination becomes large a 
pull-up rate and whenever [ crystal internal temperature ], manufacture conditioning becomes easy 
also in a production machine, and a wafer with many N fields can be produced easily. 
[001 5] Thus, although an OSF ring is generated in the shape of a ring or the nucleus of an OSF ring 
is latent when the silicon single crystal wafer obtained by the manufacture approach of this invention 
according to claim 3 or 4 carries out thermal oxidation processing for this wafer It is the wafer of not 
existing in the whole wafer surface, and all over the so-called wafer, a V-rich field and an I-rich field 
do not exist but FPD and ratio of length to diameter (LSEPD, LFPD) have an area of neutrality N 
field very big [ a field ], as shown in drawing 2 (b). It is the wafer which had the new defect structure 
which expanded N field of said OSF ring outside, and N field of the OSF ring inside to the maximum 
in the silicon wafer of large this invention of such an N field using N field existing also inside the 
OSF ring which OSF may generate in the shape of a ring when the nucleus of an OSF ring is latent 
and thermal oxidation processing of this wafer is carried out. 

[0016] And in the silicon single crystal wafer with which invention indicated to claim 2 of this 
invention was raised by the CZ process, although the oxygen densities of the whole wafer surface are 
under 24ppma(s) (ASTM79 value) and, as for the potential nucleus of an OSF ring, exist by oxygen 
precipitation heat treatment, it is the silicon single crystal wafer characterized by not generating an 
OSF ring when OSF thermal oxidation processing is carried out, and FPD and ratio of length to 
diameter not existing in the whole wafer surface. And it was made to control as the manufacture 
approach of such a silicon single crystal wafer, in addition to the manufacture approach indicated to 
claim 3 or claim 4, so that the time amount which passes through the temperature region from 1050 
degrees C to 850 degrees C under said crystal becomes 140 or less minutes as indicated to claim 5 of 
this invention. 

[0017] Thus, if the heat history is controlled as it has been 140 or less minutes about the time amount 
which holds down the oxygen density in a growth crystal to less than 24 ppmas, or passes through 
the temperature region from 1050 degrees C to 850 degrees C under growth crystal Since a device is 
not affected even if it can check growth of an OSF nucleus and the potential nucleus of an OSF ring 
or an OSF ring exists in a wafer on parenchyma, although the nucleus of an OSF ring is latent when 
OSF thermal oxidation processing is carried out, after all this wafer An OSF ring is not generated 
and they are FPD and ratio of length to diameter (it LSEPD(s)). the whole surface where neither 
LFPD nor an OSF ring with which the so-called whole wafer surface does damage also for a V-rich 
field and an I-rich field of not existing in the whole wafer surface exists — it can continue all over an 
usable crystal and a wafer [ defect density super-low ] can be obtained. And it is possible to also 
make control of F/G into a large control range in this case, and a wafer can be produced easily 
practically. 

[0018] Hereafter, although explained to a detail per this invention, this invention is not limited to 
these. In advance of explanation, lessons is taken from each vocabulary, and it explains beforehand. 
1) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching 
and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD 
(Flow Pattern Defect) A pit and a ripple pattern arise by etching a front face with the mixed liquor of 
fluoric acid and water (Secco etching). This ripple pattern is called FPD, and the defects of oxide- 
film pressure-proofing increase in number, so that the FPD consistency within a wafer side is high 
(refer to JP,4-192345,A). 

[0019] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a 
thing without FPD, a call, and a flow pattern for the thing accompanied by a flow pattern (flow 
pattern) with SEPD. When it is thought in this that large SEPD (LSEPD) 10 micrometers or more 
originates in a rearrangement cluster and a rearrangement cluster exists in a device, a current leaks 
through this rearrangement and it stops achieving the function as a P-N junction. 
[0020] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage 
of the wafer to LSTD (Laser Scattering Tomography Defect) after etching and removing a surface 
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distortion layer with the mixed liquor of fluoric acid and a nitric acid. Incidence of the infrared light 
can be carried out from this cleavage plane, and the defect scattering light which exists in a wafer 
can be detected by detecting the light which came out from the wafer front face. About the scatterer 
observed here, it is a society etc., there is already a report, and it is regarded as the oxygen sludge (J. 
J.A.P. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of octahedron is 
also reported by the latest research. 

[0021] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core 
of a wafer, with COP (Crystal Originated Particle) — it is — Secco — by SC-1 washing (washing by 
the mixed liquor of NH4 OH:H2 02:H2 0=1 : 1 : 1 0), the defect set to FPD if dirty works as a 
selection etching reagent, and is set to COP. The diameter of this pit is investigated with light 
scattering measurement by 1 micrometer or less. 

[0022] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large 
Dislocation: cable address of the dislocation loop between grids), and is considered to be a 
dislocation loop reason. A large thing 10 micrometers or more is said that LSEPD described above 
also in SEPD. Moreover, also in FPD which LFPD described above, the magnitude of a tip pit says a 
large thing 10 micrometers or more, and it is considered the dislocation loop reason also here. 
[0023] the place investigated in the detail about the boundary neighborhood of V field and an I 
region about the silicon single crystal growth by the CZ process as this invention persons proposed 
by Japanese Patent Application No. No. 199415 [ nine to ] previously --**** of this boundary 
neighborhood — the narrow field had few FPD(s), LSTD(s), and COP remarkably, and it discovered 
that there was a neutral field where LSEPD does not exist, either. 

[0024] Then, if this neutral field can be extended all over a wafer, it will conceive that a point defect 
can be reduced sharply, and since the pull-up rate is almost fixed in the wafer side of a crystal, the 
main factors which determine concentration distribution of the point defect within a field will be 
temperature gradients in a growth (pull-up) rate and the relation of a temperature gradient. That a 
difference is in the temperature gradient of shaft orientations in a wafer side that is, on a problem If 
this difference can be reduced, that the concentration difference of the point defect within a wafer 
side can also be reduced A header, When controlling whenever [ furnace temperature ], pulling up 
the difference of the temperature gradient Gc of the crystal center section, and the temperature 
gradient germanium of a crystal circumference part so that it might be set to **G=(germanium-Gc) 
<=5 degree-C/cm, and adjusting the rate, a wafer without the defect which the whole wafer surface 
becomes from N field came to be obtained. 

[0025] In this invention, as a result of difference **G of the above temperature gradients using the 
crystal pulling equipment by the small CZ process, changing a pull-up rate and investigating the 
inside of the crystal face, the following knowledge was newly acquired. Although N field which 
exists between a V-rich field and an I-rich field was conventionally considered to be only the outside 
of an OSF ring (nucleus), it checked that N field existed also inside an OSF ring (refer to drawing 2 
(a)), namely, the case of above-mentioned Japanese Patent Application No. No. 199415 [ nine to ] — 
an OSF ring — a V-rich field and the border area of N field — becoming --**** (refer to drawing 3 
(a)) — it turned out that these two are not necessarily in agreement. This is not discovered when it 
experiments with the large crystal pulling equipment of the conventional **G, but as a result of 
investigating the crystal which used the small crystal pulling equipment of the **G above-mentioned 
this time, it is discovered. 

[0026] Whenever [ furnace temperature / of the pull-up equipment in this investigation ] was 
wholeheartedly analyzed using the comprehensive heat transfer analysis software FEMAG (F. 33 
Dupret, P.Nicodeme, Y.Ryckmans, P.Wouters, and M.J. Crochet, Int.J.Heat MassTransfer, 1849 
(1990)). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a silicon single crystal wafer with few crystal 

defects, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal 
produced with the Czochrlski method (it is hereafter written as a CZ process) used as the substrate 
has been increasing with detailed-izing of the component accompanying high integration of a 
semiconductor circuit. The defect of a single crystal growth reason in which the oxide film proof- 
pressure property especially called grown-in (Grown-in) defects, such as FPD, LSTD, and COP, and 
the property of a device are worsened exists, and importance is attached to reduction of the 
consistency and size. 

[0003] In explaining these defects, it explains being known generally about the factor which 
determines each concentration of the point defect of the hole mold first called the Vacancy (it may 
outline Vacancy and Following V) incorporated by the silicon single crystal, and the mold silicon 
point defect between grids called Interstitial-Si (it may outline Interstitial-Si and Following I) 
incorporated. 

[0004] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a 
silicon atom, and a field with many things like a hole. With an I region It is the thing of a field with 
many lumps of the rearrangement and the excessive silicon atom which are generated when a silicon 
atom exists too much. Between V field and an I region The neutral (it may outline Neutral and 
Following N) field without lack of an atom or an excess (few) will exist. And with [ even if said 
grown-in defects (FPD, LSTD, COP, etc.) occur when V and I are in a condition /******/ to the 
last, and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as 
a defect. 

[0005] The concentration of both this point defect is decided from the pull-up rate (growth rate) of 
the crystal in a CZ process, and relation with the temperature gradient G near [ under crystal ] the 
solid-liquid interface, and existence of the defect of the shape of a ring called OSF (an oxidation 
induction stacking fault, Oxidation Indused Stacking Fault) is checked in the boundary neighborhood 
of V field and an I region. 

[0006] A classification of the defect of these crystal growth reason calls the V-rich field the field 
where grown-in defects by which it is considered as the void reason to which hole type point defects 
gathered when a growth rate is a high speed comparatively, the above before and after 0.6 mm/min 
and, such as FPD, LSTD, and COP, exist in high density throughout the direction of the diameter of 
a crystal, and these defects exist (refer to drawing 4 (a)). Moreover, when a growth rate is 0.6 or less 
mm/min, the field where the above-mentioned OSF ring is generated from the circumference of a 
crystal with the fall of a growth rate, the defect of ratios of length to diameter (Large Dislocation: the 
cable address of the dislocation loop between grids, LSEPD, LFPD, etc.) considered to be 
dislocation loop reasons by the outside of this ring exists in a low consistency, and these defects exist 
is called the I-rich field (refer to drawing 4 (b)). Furthermore, if a growth rate is made into a low 
speed 0.4 mm/min order, an OSF ring will condense and disappear at the core of a wafer, and the 
whole surface will serve as an I-rich field ( drawing 4 (c)). 
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[0007] Moreover, the existence of the field where neither FPD of a hole reason, LSTD, COP nor 
LSEPD of a dislocation loop reason and LFPD exist called N field to the outside of an OSF ring is 
discovered in the middle of a V-rich field and an I-rich field recently (refer to JP,8-330316,A). It is 
reported that this field is the I-rich field side which is not so rich as there is almost no precipitation of 
oxygen by being in the outside of an OSF ring when oxygen precipitation heat treatment is 
performed and the contrast of a deposit is checked by X-ray observation etc., and LSEPD and LFPD 
are formed (refer to drawing 3 (a)). And improve the temperature distribution in furnace of a pull-up 
machine for N field which exists only in the pole of a wafer part in the conventional CZ pull-up 
machine, and a pull-up rate is adjusted. F/G value (when setting a crystal pulling rate to F [mm/min] 
and setting the average of inclination to G [**/mm] from the melting point of silicon whenever 
[ crystal internal temperature / of the pull-up shaft orientations between 1300 degrees C ]) If it 
controls to the whole wafer surface and a crystal overall length by setting to 0.20-0.22mm2 / **, and 
min the ratio expressed with F/G, it will be proposed that it is possible to extend N field all over a 
wafer (refer to drawin g 3 (b)). 
[0008] 

[Problem(s) to be Solved by the Invention] However, if it is going to extend and manufacture such a 
super-low defective field into the whole crystal, since this field will be limited only to N field by the 
side of an I-rich field, if it is an experimental aircraft, it is [ with a production machine, / precision 
control is difficult and / a difficulty ] in productivity at any rate, and is not practical [ a control range 
is very narrow on manufacture conditions, and ]. Furthermore, it became clear that it differed from 
the created defective distribution map (refer to drawin g 1 ) based on the data for which this invention 
persons experimented and investigated the defective distribution map currently indicated by this 
invention, and it asked, and data sharply. 

[0009] This invention was made in view of such a trouble, and its control width of face is wide, and 
it aims at obtaining the silicon single crystal wafer by the CZ process which is super-low defect 
density, maintaining the sex from Takao under the manufacture conditions which are easy to control 
by continuing all over the crystal with which neither a V-rich field nor an I-rich field exists. 
[0010] 

[Means for Solving the Problem] Invention which it was accomplished in order that this invention 
might attain said purpose, and was indicated to claim 1 of this invention is a silicon single crystal 
wafer characterized by for the nucleus of the OSF ring generated in the shape of a ring or an OSF 
ring existing when thermal oxidation processing is carried out, and FPD and ratio of length to 
diameter not existing in the whole wafer surface in the silicon single crystal wafer raised by the CZ 
process. 

[001 1] and as the manufacture approach of such a silicon single crystal wafer As indicated to claim 3 
of this invention, in case a silicon single crystal is raised with the Czochrlski method When a pull-up 
rate is set to F [mm/min] and the average of inclination is expressed with G [**/mm] from the 
melting point of silicon whenever [ crystal internal temperature / of the pull-up shaft orientations 
between 1400 degrees C ], In the defective distribution map in which having set the axis of abscissa 
as the distance D from a crystal center to the crystal circumference [mm], and having shown 
defective distribution by setting an axis of ordinate as the value of F/G [mm2 / **, and min] It is the 
manufacture approach of the silicon single crystal wafer characterized by pulling up a crystal in the 
field surrounded by the boundary line of a V-rich field and N-field, and the boundary line of N-field 
and an I-rich field. 

[0012] Thus, so that it may be settled in the field surrounded by the boundary line of a V-rich field 
and N-field, and the boundary line of N-field and an I-rich field based on the defective distribution 
map of drawing 1 which analyzed and searched for the result of an experiment and investigation If 
the average G of inclination is controlled from the pull-up rate F of a crystal, and the melting point of 
silicon whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 
degrees C ] and a crystal is pulled up The silicon single crystal wafer with which the nucleus of the 
OSF ring generated in the shape of a ring or an OSF ring exists when thermal oxidation processing 
indicated to said claim 1 is carried out, and FPD and ratio of length to diameter do not exist in the 
whole wafer surface is producible. 

[0013] Furthermore, it is in a concrete target. We are a crystal center about the value of said F/G, and 
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decided to pull up a crystal as 0.1 12-0.1 42mm2 / **, and min (claim 4). 

[0014] Thus, although the field which may generate an OSF ring at the time of thermal oxidation 
processing has been included so that drawing 1 may see by controlling the value of F/G by the 
crystal center to 0.1 12-0.1 42mm2 / **, and min Since N field of OSF ring inside and outside is 
pulled up as the maximum expansion is carried out, a control range with inclination becomes large a 
pull-up rate and whenever [ crystal internal temperature ], manufacture conditioning becomes easy 
also in a production machine, and a wafer with many N fields can be produced easily. 
[0015] Thus, although an OSF ring is generated in the shape of a ring or the nucleus of an OSF ring 
is latent when the silicon single crystal wafer obtained by the manufacture approach of this invention 
according to claim 3 or 4 carries out thermal oxidation processing for this wafer It is the wafer of not 
existing in the whole wafer surface, and all over the so-called wafer, a V-rich field and an I-rich field 
do not exist but FPD and ratio of length to diameter (LSEPD, LFPD) have an area of neutrality N 
field very big [ a field ], as shown in drawing 2 (b). It is the wafer which had the new defect structure 
which expanded N field of said OSF ring outside, and N field of the OSF ring inside to the maximum 
in the silicon wafer of large this invention of such an N field using N field existing also inside the 
OSF ring which OSF may generate in the shape of a ring when the nucleus of an OSF ring is latent 
and thermal oxidation processing of this wafer is carried out. 

[0016] And in the silicon single crystal wafer with which invention indicated to claim 2 of this 
invention was raised by the CZ process, although the oxygen densities of the whole wafer surface are 
under 24ppma(s) (ASTM79 value) and, as for the potential nucleus of an OSF ring, exist by oxygen 
precipitation heat treatment, it is the silicon single crystal wafer characterized by not generating an 
OSF ring when OSF thermal oxidation processing is carried out, and FPD and ratio of length to 
diameter not existing in the whole wafer surface. And it was made to control as the manufacture 
approach of such a silicon single crystal wafer, in addition to the manufacture approach indicated to 
claim 3 or claim 4, so that the time amount which passes through the temperature region from 1050 
degrees C to 850 degrees C under said crystal becomes 140 or less minutes as indicated to claim 5 of 
this invention. 

[0017] Thus, if the heat history is controlled as it has been 140 or less minutes about the time amount 
which holds down the oxygen density in a growth crystal to less than 24 ppmas, or passes through 
the temperature region from 1050 degrees C to 850 degrees C under growth crystal Since a device is 
not affected even if it can check growth of an OSF nucleus and the potential nucleus of an OSF ring 
or an OSF ring exists in a wafer on parenchyma, although the nucleus of an OSF ring is latent when 
OSF thermal oxidation processing is carried out, after all this wafer An OSF ring is not generated 
and they are FPD and ratio of length to diameter (it LSEPD(s)). the whole surface where neither 
LFPD nor an OSF ring with which the so-called whole wafer surface does damage also for a V-rich 
field and an I-rich field of not existing in the whole wafer surface exists — it can continue all over an 
usable crystal and a wafer [ defect density super-low ] can be obtained. And it is possible to also 
make control of F/G into a large control range in this case, and a wafer can be produced easily 
practically. 

[0018] Hereafter, although explained to a detail per this invention, this invention is not limited to 
these. In advance of explanation, lessons is taken from each vocabulary, and it explains beforehand. 
1) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching 
and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD 
(Flow Pattern Defect) A pit and a ripple pattern arise by etching a front face with the mixed liquor of 
fluoric acid and water (Secco etching). This ripple pattern is called FPD, and the defects of oxide- 
film pressure-proofing increase in number, so that the FPD consistency within a wafer side is high 
(refer to JP,4- 1 92345 ,A). 

[0019] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a 
thing without FPD, a call, and a flow pattern for the thing accompanied by a flow pattern (flow 
pattern) with SEPD. When it is thought in this that large SEPD (LSEPD) 10 micrometers or more 
originates in a rearrangement cluster and a rearrangement cluster exists in a device, a current leaks 
through this rearrangement and it stops achieving the function as a P-N junction. 
[0020] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage 
of the wafer to LSTD (Laser Scattering Tomography Defect) after etching and removing a surface 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/2 1 /2005 



JP,11-147786,A [DETAILED DESCRIPTION] 



Page 4 of 8 



distortion layer with the mixed liquor of fluoric acid and a nitric acid. Incidence of the infrared light 
can be carried out from this cleavage plane, and the defect scattering light which exists in a wafer 
can be detected by detecting the light which came out from the wafer front face. About the scatterer 
observed here, it is a society etc., there is already a report, and it is regarded as the oxygen sludge (J. 
J.A.P. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of octahedron is 
also reported by the latest research. 

[0021] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core 
of a wafer, with COP (Crystal Originated Particle) -- it is - Secco ~ by SC-1 washing (washing by 
the mixed liquor of NH4 OH:H2 02:H2 0=1 : 1 : 1 0), the defect set to FPD if dirty works as a 
selection etching reagent, and is set to COP. The diameter of this pit is investigated with light 
scattering measurement by 1 micrometer or less. 

[0022] 5) It is the defect which there are LSEPD, LFPD, etc. in ratio of length to diameter (Large 
Dislocation: cable address of the dislocation loop between grids), and is considered to be a 
dislocation loop reason. A large thing 10 micrometers or more is said that LSEPD described above 
also in SEPD. Moreover, also in FPD which LFPD described above, the magnitude of a tip pit says a 
large thing 10 micrometers or more, and it is considered the dislocation loop reason also here. 
[0023] the place investigated in the detail about the boundary neighborhood of V field and an I 
region about the silicon single crystal growth by the CZ process as this invention persons proposed 
by Japanese Patent Application No. No. 199415 [ nine to ] previously -- **** of this boundary 
neighborhood - the narrow field had few FPD(s), LSTD(s), and COP remarkably, and it discovered 
that there was a neutral field where LSEPD does not exist, either. 

[0024] Then, if this neutral field can be extended all over a wafer, it will conceive that a point defect 
can be reduced sharply, and since the pull-up rate is almost fixed in the wafer side of a crystal, the 
main factors which determine concentration distribution of the point defect within a field will be 
temperature gradients in a growth (pull-up) rate and the relation of a temperature gradient. That a 
difference is in the temperature gradient of shaft orientations in a wafer side that is, on a problem If 
this difference can be reduced, that the concentration difference of the point defect within a wafer 
side can also be reduced A header, When controlling whenever [ furnace temperature ], pulling up 
the difference of the temperature gradient Gc of the crystal center section, and the temperature 
gradient germanium of a crystal circumference part so that it might be set to **G=(germanium-Gc) 
<=5 degree-C/cm, and adjusting the rate, a wafer without the defect which the whole wafer surface 
becomes from N field came to be obtained. 

[0025] In this invention, as a result of difference **G of the above temperature gradients using the 
crystal pulling equipment by the small CZ process, changing a pull-up rate and investigating the 
inside of the crystal face, the following knowledge was newly acquired. Although N field which 
exists between a V-rich field and an I-rich field was conventionally considered to be only the outside 
of an OSF ring (nucleus), it checked that N field existed also inside an OSF ring (refer to drawing 2 
(a)), namely, the case of above-mentioned Japanese Patent Application No. No. 199415 [ nine to ] - 
an OSF ring - a V-rich field and the border area of N field - becoming --**** (refer to drawing 3 
(a)) — it turned out that these two are not necessarily in agreement. This is not discovered when it 
experiments with the large crystal pulling equipment of the conventional **G, but as a result of 
investigating the crystal which used the small crystal pulling equipment of the **G above-mentioned 
this time, it is discovered. 

[0026] Whenever [ furnace temperature / of the pull-up equipment in this investigation ] was 
wholeheartedly analyzed using the comprehensive heat transfer analysis software FEMAG (F. 33 
Dupret, P.Nicodeme, Y.Ryckmans, P.Wouters, and M.J.Crochet, Int.J.Heat MassTransfer, 1849 
(1990)). When a pull-up rate is set to F [mm/min] and the average of inclination is expressed with G 
[**/mm] from the melting point of silicon whenever [ crystal internal temperature / of the pull-up 
shaft orientations between 1400 degrees C ], the value of F/G consequently, in a crystal center If it 
pulls up and a rate F and the temperature gradient average G are controlled to become within the 
limits of 0.1 12-0.1 42mm2 / **, and min Although the nucleus of the OSF ring generated in the shape 
of a ring or an OSF ring existed when OSF thermal oxidation processing was carried out, it turned 
out that the silicon single crystal wafer with which FPD and ratio of length to diameter do not exist 
in the whole wafer surface is obtained. 
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[0027] Although drawing 1 is the case where a silicon single crystal with a diameter of 6 inches is 
made into an example, it expresses many defective distribution at the time of setting an axis of 
abscissa as the direction location of a path of a crystal, and setting an axis of ordinate as F/G value. 
Between a crystal center location and the location from a core to about 50mm, the boundary of a V- 
rich field / N field goes up gently from 0.142mm2 / **, and min, and if it applies to a periphery from 
this location, it is on the line which increased F/G value rapidly, so that clearly from drawing 1 . The 
cores of an OSF ring field are about 0.125mm2 / **, and min, and if it applies to a crystal periphery, 
they are on the line which increased F/G value rapidly almost in parallel with the boundary line of a 
V-rich field / N field. Furthermore, the boundary with N field / I-rich field was set to 0.1 12mm2 / **, 
and min between the crystal center location and the location from a core to about 70mm, and has 
fallen rapidly toward the crystal periphery after that. Therefore, what is necessary is just to make it 
become 0.1 12-0. 142mm2 / **, and min in a crystal center location, in order to make the most of N 
field in the wafer containing an OSF ring. 

[0028] When this was explained in respect of the wafer, as it was conventionally shown in drawing 3 
(a) Although N field which exists in the outside of the OSF ring in a usual pull-up rate and crystal 
pulling equipment tended to be pulled up using special crystal pulling equipment that it should 
expand all over a crystal (refer to drawing 3 (b)), a rate and **G tended to be controlled and it was 
going to manufacture the defect-free crystal Control was difficult, and the control width of face of 
manufacture conditions, such as a pull-up rate and a temperature gradient, is very narrow, and it was 
not [ the difficulty was in productivity and ] practical. 

[0029] In this invention, it did not limit only to N field of the outside of an OSF ring, but N field was 
made to carry out the maximum expansion also using N field (refer to drawing 2 (a)) which exists 
also inside the OSF ring discovered this time. That is, the pull-up rate, **G, and crystal pulling 
equipment to which N field can be expanded all over the maximum wafer while the OSF ring had 
been included, as shown in drawing 2 (b) were chosen and pulled up. Consequently, if it pulls up so 
that it may fall within the range of F/G value which was described above, and inclination is adjusted 
and pulled up a rate and whenever [ crystal internal temperature ], the wafer of a low defect can be 
easily manufactured under manufacture conditions with the control width of face expanded 
conventionally. 

[0030] It turns out that an OSF ring is not generated by thermal oxidation processing even if the 
nucleus of an OSF ring exists in the whole wafer surface from the latest research in the case of 
hypoxia concentration, and a device is not affected about an OSF ring on the other hand. If the 
oxygen density in the whole wafer surface is less than 24 ppmas as a result of using the same crystal 
pulling equipment for the threshold value of this oxygen density and pulling up the crystal of some 
kinds of oxygen density level, when thermal oxidation processing of a wafer is performed, it is 
checked that an OSF ring is not generated. 

[003 1] That is, although it is to 24ppma(s) that the nucleus which serves as OSF covering a crystal 
overall length exists when drawing 5 pulls up the crystal of one and an oxygen density is gradually 
lowered to inside, but an OSF ring is observed when thermal oxidation processing of a wafer is 
performed and an OSF ring nucleus exists in less than 24 ppmas, it means that the OSF ring by 
thermal oxidation processing is not generated. 

[0032] Incidentally, in order to set the oxygen density under growth crystal to less than 24 ppmas, 
that what is necessary is just to carry out by the approach generally used from the former, 
distribution etc. can be adjusted whenever [ rotational frequency / of a crucible /, or melt internal 
temperature ], and the means of controlling the convection current of melt can perform easily. 
[0033] In addition, even if an OSF ring is not generated, there is an inclination for precipitation of 
oxygen to decrease, in the place where the nucleus exists, but since strong gettering is not required in 
the bottom process of low temperature of a device, either, the little of the precipitation of oxygen in 
an OSF field does not become a problem. 

[0034] Subsequently, the conditions which check growth of an OSF ring nucleus were examined. So 
that some kinds of crystal pulling equipments (what changed the configuration in a furnace) with 
which temperature distribution in furnace differs may be used and an OSF ring may be generated at 
the time of OSF thermal oxidation processing Into the crystal which gave the heat history which 
passes through a 1050-850-degree C temperature zone region in 140 or less minutes as a result of 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/2 1 /2005 



JP,1 1-147786,A [DETAILED DESCRIPTION] 



Page 6 of 8 



controlling a pull-up rate and pulling up a crystal OSF thermal oxidation processing in which the 
existence of OSF ring generating is checked after that is performed. The ** OSF ring was not 
checked (I.). [ Yamashita ] and Y.Shimanuki:The Electrochemical SocietyExtended Abstract and 
Los Angels, California, and May7- 12, 1989, and P. 346 reference. 

[0035] Then, in addition to F / G value control, an oxygen density is held down to less than 24 
ppmas during a crystal. Or if the heat history which passes through the temperature region from 1 050 
degrees C to 850 degrees C of a growth crystal is controlled as it has been 140 or less minutes, and 
growth of an OSF ring nucleus is checked When OSF thermal oxidation processing is carried out, 
there is nothing, FPD and ratio of length to diameter do not exist, but the whole crystal surface is 
occupied in an usable field, and generating of an OSF ring can produce a defect-free crystal in the 
large condition range. 

[0036] Namely, in case a silicon single crystal is raised by the CZ process, a pull-up rate is set to F 
[mm/min]. When the average of inclination is expressed with G [**/mm] from the melting point of 
silicon whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 
degrees C ], the value of F/G in a crystal center Control to 0.1 12-0, 142mm2 / **, and min, and an 
oxygen density is held down to less than 24 ppmas during a crystal. Or by controlling so that the 
time amount which passes through the temperature region from 1050 degrees C to 850 degrees C 
under said crystal becomes 140 or less minutes the whole surface which an OSF ring does not 
generate even if it carries out thermal oxidation processing, while having large N field — an usable 
defect- free wafer can be easily manufactured under the conditions that control width of face is wide. 
[0037] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail, referring to a drawing. First, drawing 6 R> 6 explains the example of a configuration of the 
crystal pulling equipment by the CZ process used by this invention. As shown in drawin g 6 , this 
crystal pulling equipment 30 The pull-up room 31, the crucible 32 prepared all over the pull-up room 
31, and the heater 34 arranged around a crucible 32, It has the reel style (not shown) which rotates or 
rolls round the crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling mechanism 
(not shown), the seed chuck 6 holding the seed crystal 5 of silicon, the cable 7 that pulls up a seed 
chuck 6, and a cable 7, and is constituted. A quartz crucible is prepared in the side in which a 
crucible 32 holds the silicon melt (molten bath) 2 of the inside, and the graphite crucible is prepared 
in the outside. Moreover, the heat insulator 35 is arranged around [ outside ] the heater 34. 
[0038] Moreover, in order to set up the manufacture conditions in connection with the manufacture 
approach of this invention, the annular solid-liquid interface heat insulator 8 is formed in the 
periphery of the solid-liquid interface of a crystal, and the up surrounding heat insulator 9 is arranged 
on it. This solid-liquid interface heat insulator 8 forms the 3 -5cm clearance 10 between that lower 
limit and surface of hot water of silicon melt 2, and is installed in it. The up surrounding heat 
insulator 9 may not be used depending on conditions. Furthermore, coolant gas is sprayed or the 
tubed cooling system 36 which interrupts radiant heat and cools a single crystal is formed. 
Independently, by installing the magnet which is not illustrated in the horizontal outside of the pull- 
up room 3 1 , and impressing magnetic fields, such as a horizontal direction or a perpendicular 
direction, to silicon melt 2, the convection current of melt is controlled and, recently, the so-called 
MCZ method for measuring the stable growth of a single crystal is used in many cases. 
[0039] Next, the single-crystal-growth approach by above crystal pulling equipment 30 is explained. 
First, within a crucible 32, the high grade polycrystal raw material of silicon is heated more than the 
melting point (about 1420-degreeC), and is dissolved. Next, the tip of a seed crystal 5 is made 
contacted or immersed in the surface abbreviation core of melt 2 by beginning to roll a cable 7. 
Then, while rotating the crucible maintenance shaft 33 in the proper direction, single crystal growth 
is started by rolling round rotating a cable 7 and pulling up a seed crystal 5. Henceforth, the single 
crystal rod 1 of an approximate circle column configuration can be obtained by adjusting a pull-up 
rate and temperature appropriately. 

[0040] In this case, in this invention, especially in order to attain the purpose of this invention, as 
shown in drawing 6 , in the periphery space of the liquefied part in the single crystal rod 1 on the 
surface of hot water of the pull-up room 31, it is important that the temperature of the crystal near the 
surface of hot water formed the annular solid-liquid interface heat insulator 8 in the temperature 
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region from 1420 degrees C to 1400 degrees C and to have arranged the up surrounding heat 
insulator 9 on it. Furthermore, it is good also as structure which should form the equipment 36 which 
cools a crystal, for example, a cooling system, in the upper part of this heat insulator if needed, 
should spray coolant gas on this from the upper part, should cool the crystal, and attached the radiant 
heat reflecting plate in the cylinder lower part. 

[0041] Thus, since a heat insulation effect is acquired by radiant heat near the crystal growth 
interface and the radiant heat from a heater etc. can be cut in the upper part of a crystal by 
establishing a predetermined clearance in the location of the right above of an oil level, arranging a 
heat insulator, and considering as the structure which formed further the equipment which cools a 
crystal in the upper part of this heat insulator, the manufacture conditions of this invention can be 
satisfied. An air-cooling duct, a water-cooled coil, etc. which surround the perimeter of a crystal are 
formed, and you may make it secure a desired temperature gradient independently [ said tubed 
cooling system 36 ] as a cooling system of this crystal. 

[0042] Conventional equipment was shown in drawin g 7 for the crystal pulling equipment used by 
this invention, and a comparison. Although it is the same as the pull-up equipment used by this 
invention about fundamental structure, neither the solid-liquid interface heat insulator 8, the up 
surrounding heat insulator 9 nor the cooling system 36 is equipped. 
[0043] 

[Example] Although an example is given and the gestalt of concrete operation of this invention is 
explained hereafter, this invention is not limited to these. 

(Example 1) It raised, having charged 60kg of raw material polycrystalline silicon to the 20 inch 
quartz crucible, and lowering an average pull-up rate for the diameter of 6 inches, and the silicon 
single crystal rod of bearing <100> to 0.88 - 0.50 mm/min with the pull-up equipment 30 shown in 
drawing 6 , (body die length of about 85cm of a single crystal rod). It was made into 4cm space from 
about 1420 degrees C and the surface of hot water up to the lower limit of an annular solid-liquid 
interface heat insulator, on it, the water temperature of silicon melt has arranged the annular solid- 
liquid interface heat insulator of 10cm height, it adjusted the crucible maintenance shaft, set the 
height from the surface of hot water to pull-up room head lining as 30cm, and arranged the up 
surrounding heat insulator. And F/G value in the crystal center section were changed to 0.22- 
0.10mm2 and **/min, and was pulled up. 

[0044] From the single crystal rod obtained here, the wafer was cut down, mirror plane processing 
was performed, the mirror plane wafer of a silicon single crystal was produced, and the grown-in 
defect was measured. Moreover, thermal oxidation processing was performed and the existence of 
OSF ring generating was checked. Consequently, although the OSF ring field which F/G value 
generates from the wafer periphery section in about 1 5mm location at the time of thermal oxidation 
processing within the limits of 0.1 12-0.1 42mm2 / **, and min existed, the super- low defective wafer 
which carried out the maximum expansion of the N field where the grown-in defect of these ring 
inside and outside does not exist was obtained. In addition, the oxide-film proof-pressure property of 
this wafer became 100% of rates of C-mode excellent article. In addition, die C-mode Measuring 
condition is as follows. 

1) Oxide-film thickness : 25nm Two measuring electrode: Phosphorus dope polish recon 3 electrode- 
surface product: 8mm2 4 judging current: 1 mA/cm2 5 excellent-article judging: Dielectric- 
breakdown electric field judged the thing of 8 or more MV/cm to be an excellent article. 
[0045] (Example 2) Except having carried out by lowering an oxygen density gradually during 
crystal pulling, it pulled up on the same conditions as an example 1 , and from the obtained single 
crystal rod, the wafer was cut down, mirror plane processing was performed, the mirror plane wafer 
of a silicon single crystal was produced, and the grown-in defect was measured. Moreover, thermal 
oxidation processing was performed and the existence of OSF ring generating was checked. 
[0046] Consequently, F/G value of the wafer of 24 or more ppmas was the super-low defective 
wafers with which the oxygen density within a wafer side has an OSF ring from a wafer core in N 
field in which a whole surface grown-in defect does not exist in about 15mm location within the 
limits of 0.1 12-0.142mm2 / **, and min. On the other hand, the oxygen density within a wafer side 
was the defect-free wafer which does not generate an OSF ring by thermal oxidation processing, 
although the OSF nucleus existed in N field in which, as for the wafer of less than 24 ppmas, a whole 
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surface grown-in defect does not exist. In addition, the oxide-film proof-pressure property of this 
wafer became 1 00% of rates of C-mode excellent article. 

[0047] (Example 3) Except having given the heat history which made time amount which passes 
through the temperature region to 1050-850 degrees C under crystal 140 or less minutes during 
crystal pulling, it pulled up on the same conditions as an example 1 , and from the obtained single 
crystal rod, the wafer was cut down, mirror plane processing was performed, the mirror plane wafer 
of a silicon single crystal was produced, and the grown-in defect was measured. Moreover, thermal 
oxidation processing was performed and the existence of OSF ring generating was checked. 
[0048] Consequently, even if the oxygen density was the thing of 27ppma(s), F/G value was the 
defect- free wafers which do not generate an OSF ring by thermal oxidation processing, although the 
OSF nucleus existed in N field in which a whole surface grown-in defect does not exist within the 
limits of 0.1 12-0.1 42mm2 / **, and min. In addition, the oxide-film proof-pressure property of this 
wafer became 100% of rates of C-mode excellent article. 

[0049] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0050] For example, although the example was given and explained per in the above-mentioned 
operation gestalt when a silicon single crystal with a diameter of 6 inches was raised When this 
invention is not limited to this, but a pull-up rate is set to F [mm/min] and the average of inclination 
is expressed with G [**/mm] from the melting point of silicon whenever [ crystal internal 
temperature / of the pull-up shaft orientations between 1400 degrees C ], the value of F/G in a crystal 
center If it controls to be set to 0.1 12-0.1 42mm2 / **, and min, it is applicable also to the diameter of 
8-16 inches, or the silicon single crystal beyond it. Moreover, it cannot be overemphasized that this 
invention is applicable also to the so-called MCZ method for impressing a level magnetic field and 
length magnetic field, a cusp field, etc. to silicon melt. 

[0051] Furthermore, in the above-mentioned operation gestalt, although hypoxia-izing and. heat 
history control were explained separately, both both may be carried out and an OSF ring can be 
defanged more certainly. 
[0052] 

[Effect of the Invention] As explained above, according to this invention, the control width of face of 
single-crystal-growth conditions becomes large, and the wafer to which the maximum N field was 
expanded can be easily produced by using N field of an OSF ring outside, an OSF ring or an OSF 
nucleus, and N field of the inside. And if hypoxia-izing or control of the heat history of a low- 
temperature region is used together, an OSF ring will not be generated, either, but a glow in defect 
can also manufacture a silicon single crystal wafer with the defect- free whole wafer surface of super- 
low level. 
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* NOTICES * 

JPO and NCIPX are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] They are many defective distribution maps at the time of setting an axis of abscissa as 
the direction location of a path of the crystal within a silicon single crystal wafer side, and setting an 
axis of ordinate as F/G value. 

[Drawing 2] It is an explanatory view showing the many [ within the crystal face ] defective 
distribution discovered by this invention. 

(a) When it pulls up on the usual pull-up conditions and pulls up on the pull-up conditions of (b) this 
invention. 

[Draw ing 3] It is an explanatory view showing the many [ within the crystal face ] defective 
distribution in an approach to pull up the former. 

(a) When it pulls up on the usual pull-up conditions, and precision control was carried out and 
inclination is pulled up (b) pull-up rate and whenever [ crystal internal temperature ]. 
[Drawing 4] It is an explanatory view showing the relation between the pull-up rate in an approach 
to pull up the former, and the defective distribution within the crystal face, 
(a) In a high-speed pull-up, in (b) medium-speed pull-up, it is in (c) low-speed pull-up. 
[Drawing 5 ] In this invention, the boundary location of the generating field of the OSF ring at the 
time of performing thermal oxidation processing to a wafer and the existence region of an OSF 
nucleus is an explanatory view showing being influenced by the oxygen density during a crystal, 
(a) In the graph and (b) crystal longitudinal section showing the die-length direction location of a 
crystal rod, and the relation of an oxygen density, it is the explanatory view showing the boundary 
location of the generating field of an OSF ring, and the existence region of an OSF nucleus. 
[Drawing 6] It is the approximate account Fig. of the crystal pulling equipment by the CZ process 
used by this invention. 

[Drawing 7] It is the approximate account Fig. of the conventional crystal pulling equipment by the 
CZ process. 

[Description of Notations] 

1 — Growth single crystal rod, 

2 — Silicon melt, 

3 — Surface of hot water, 

4 — Solid-liquid interface, 

5 — Seed crystal, 

6 — Seed chuck, 

7 - Cable, 

8 — Solid-liquid interface heat insulator, 

9 — Up surrounding heat insulator, 

10 — Clearance between the surface of hot water and a solid-liquid interface heat insulator lower 
limit, 

30 — Crystal pulling equipment, 

3 1 — Pull-up room, 

32 — Crucible, 

33 — Crucible maintenance shaft, 

34 — Heater, 
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35 — Heat insulator, 

36 — Cooling system. 
V - V-rich field, 

N -N - field, 
I — I-rich field, 
OR - OSF ring. 
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